Two seaweeds species; H. musciformis and E. intestinalis were used in this study. They were freshly 1 0 3 collected from North Nuniar Chor, Cox's bazar (21°35′0″N 92°01′0″E). (Fig. 1) . Collected samples were 1 0 4 washed in running water for 10 minutes and then transported to the laboratory and shade dried at 35±3 °C 1 0 5 for 36 h. The shade dried seaweeds were powdered using electronic blender and used for further 1 0 6 experiments. 1 0 7 5 2.2 Preparation of seaweed extracts and fractions 1 0 8
The extracts were prepared by two different methods (water bath and soaking method). Each of 20 grams 1 0 9 of powdered seaweed samples were soaked in a conical flask containing 160 mL of the distilled water, 1 1 0 ethanol, methanol and acetone solvents. In soaking method, the samples were gently mixed by shaking 1 1 1 and left for 72 hours at room temperature. In water bath method, the samples were mixed gently using the 1 1 2 same solvents and left at 65°C for 4 hours. The liquid phase was then filtered with whatman no. 1 filter 1 1 3 paper and allowed to be concentrated at reduced pressure to give specific solvent extracts. The crude 1 1 4 extracts were used to test qualitative and quantitative analysis for secondary metabolites and antimicrobial 1 1 5 activities against different bacterial strains. 1 1 6
Preliminary qualitative phytochemical analysis 1 1 7
Preliminary qualitative phytochemical analysis was carried out to identify the secondary metabolites 1 1 8 present in the alcoholic extracts of H. musciformis and E. intestinalis. 1 1 9
Flavonoids Test 1 2 0
For screening of flavonoids, sodium hydroxide test and shinoda test were conducted. After the addition of 1 2 1 2ml 10% aqueous sodium hydroxide solution, yellow color precipitation indicated the presence of 1 2 2 flavonoid. Yellow color turned into colorless dilluted hydrochloric acid was added. In shinoda test, 2 1 2 3 drops of conc. HCl followed by a few fragments of magnesium ribbon were added. Formation of pink, 1 2 4 reddish or brown color specifies the presence of flavonoids [30]. 1 2 5
Alkaloids Test 1 2 6
For this test, few drops of Wagner's reagents or Dragendorff's reagent in crude extracts were added. 1 2 7
Appearance of a reddish-brown or orange red precipitation considered as the positive test for alkaloids 1 2 8 [30, 31, 32, 33 A fresh mixture was produced from equal amount of 1% ferric chloride solution and 1% potassium 1 3 5 ferrocyanide, 3 drops of the mixture added to the extract and filtered this solution, presence of phenol 1 3 6 obtained from the formation of a bluish-green color [33] . 1 3 7
Test for Saponins 1 3 8
In a test tube, 2.5 ml of extract was added to 10 ml of sterile distilled water. The test tube was sealed with 1 3 9 cap and shaken vigorously for about 30 seconds. It was then allowed to stand for 30 minutes. Formation 1 4 0 of honeycomb froth indicated the presence of saponins [32]. 1 4 1
Quantitative analysis of phytochemical constituency 1 4 2
Quantitative analysis for phytochemicals were performed for flavonoids, tannin, and phenolics 1 4 3
Determination of Total Flavonoids Content 1 4 4
Total flavonoids content was determined by following the method by Wang [34] . About 0.2 mL of 10% 1 4 5 AlCl 3 , 0.2mL of 1M potassium acetate and 5.6 mL of distilled water followed by 1 mL of methanolic 1 4 6 extract at a concentration of 1 mg/mL was added in a test tube to estimate flavonoid content. Blank was 1 4 7 prepared without methanol. A series of standard ((20, 40, 60,80 , 100 µg/mL) was prepared using 1 4 8
Quercetin followed by 0.2 mL of AlCl 3 , .2mL of 1M potassium acetate, 5.6 mL of distilled water. The 1 4 9 mixtures were kept at room temperature for 30 minutes. Absorbance was taken at 415 nm using UV-vis 1 5 0 spectrophotometer. The result was expressed in mg QE/g of the dried plant extractives. 1 5 1 1 5 2 7
Determination of Total Tannins content 1 5 3
The tannins content was estimated by Folin-Ciocaltue's method for both seaweed species as described by 1 5 4 Kavita and Indira, 2016. [35] About 0.1 mL of the sample extract was added to a test tube containing 7.5 1 5 5 mL of distilled water and 0.5 mL of Folin-Ciocaltue phenol reagent. 1 mL of 35% Na 2 CO 3 and dilute to 1 5 6 10 mL with distilled water. The mixtures were shaken well and kept at room temperature for 30 minutes. 1 5 7
A set of reference standard solutions of tannic acid (20, 40, 60, 80, 100 µg/mL were prepared. 1 5 8
Absorbance for test and standard solutions were measured against the blank at 700 nm with an UV/ 1 5 9
Visible spectrophotometer. The estimation of the tannin content was carried out in triplicate. The tannin 1 6 0 content was expressed in terms of mg of Tannic acid equivalent per g of dried sample. 1 6 1
Determination of Total Phenolics content 1 6 2
The total phenolic content of dry extract was performed with Folin-Ciacaltue assay with slight described 1 6 3 by Singleton et al., (1999) with slight modification [35, 36] . About 1 mL of methanolic extract sample 1 6 4 (1mg/mL) was mixed with 5 mL of 10% FolinCiaocalteu Reagent and 5 mL of 7.5% Na 2 CO 3 . Blank was 1 6 5 concomitantly prepared, containing 1 ml methanol, 5 ml of 10% FolinCiocalteu's reagent and 5 ml of 1 6 6 7.5% of NaHCO 3 . The mixtures were incubated for 20 minutes at 25ºC followed by measuring 1 6 7 absorbance taken at 760 nm against blank. Gallic acid was used as standard and reactions were 1 6 8 performed as triplicates and mean value of absorbance was obtained. Calibration line was constructed 1 6 9 using gallic acid as standard. The total content of phenol in extract was expressed in terms of Gallic acid 1 7 0 equivalent (mg of GAE/g of extract The screening of antimicrobial activity of the seaweed extracts was carried out with agar disk-diffusion 1 8 0 method using Muller Hinton Agar (MHA) medium [31, 37] . Bacterial culture (50 µL) was taken from the 1 8 1 nutrient broth culture using 100 µL micropipette and poured into the sterile plate containing Muller-1 8 2
Hinton agar medium. Sterile cotton was used for streaking the dried surface of plates. Under aseptic 1 8 3 condition, prepared discs (5 mm round filter paper soaked with test solution at a concentration of 1 8 4 1mg/mL) were air dried, placed into center of an agar plate by using a sterile forceps and pressed down. 1 8 5
Then discs were employed to be incubated at 37°C within 15 minutes. After 24 & 48 hours of incubation, 1 8 6 each plate was examined. There were uniformly circular zone of inhibition on the surface. The diameter 1 8 7 of the complete zone of inhibition was measured. All tests were performed in triplicate manner. 1 8 8 1 8 9 3. Results 1 9 0
Preliminary qualitative phytochemical analysis 1 9 1
The present study exposed that ethanolic extracts of H. musciformis and E. intestinalis contained different 1 9 2 plant secondary metabolites viz alkaloids, flavonoids, tannins, phenols, and saponins. Preliminary 1 9 3 phytochemicals study revealed that E. intestinalis extracts contained flavonoids and saponins in higher 1 9 4 extent on the other hand alkaloids and tannins were present in Hypnea musciformis in greater content. 1 9 5
Other secondary metabolites were moderately present in two seaweed extracts ( Table 1) . 1 9 6 1 9 7 9 1 9 8 3.2 Quantitative determination of the phytochemical constituency 1 9 9 Table 2 showed the qualitative determination of the tannin, flavonoid and phenolic content. Folin-2 0 0 Ciocaltue's method was used to determine the total tannin content in different seaweed extracts. The 2 0 1 tannin content was expressed in terms of mg of Tannic acid equivalent per g of dried sample. Ethanolic 2 0 2 extracts of H. musciformis and E. intestinalis estimated 51 ± 0.0002 and 43 ± 0.0002 mg/g respectively. 2 0 3
However, total flavonoid contents of the extracts were expressed in terms of quercetin equivalent (QE). 2 0 4 H. musciformis and E. intestinalis estimated 67 ± 0.0002 and 57 ± 0.0002 mg/g respectively. Total 2 0 5 phenolic contents of the extracts were determined in terms of gallic acid equivalent (GAE). H. 2 0 6 musciformis exhibited higher amount of phenolics (59 ± 0.0002) present in the crude extracts rather than 2 0 7 E. intestinalis extracts (41 ± 0.0002). 2 0 8
Antibacterial activity of seaweeds extracts 2 0 9
Two extraction methods, for instances, soaking and water bath method were applied for generating 2 1 0 seaweeds extracts by using ethanol, methanol, acetone and distilled water. The results of antibacterial 2 1 1 activities of the seaweeds extracts against selected bacterial strains are summarized in Table 3 in terms of 2 1 2 socking method and Table 4 for water batch method. 2 1 3
In case of soaking method, ethanol extracts of H. musciformis and E. intestinalis were found more than 2 1 4 10nm inhibition zone against all of the bacterial strains. But, methanol extracts of E. intestinalis were 2 1 5 found more active against Staphylococcus aureus Pseudomonas as these showed inhibition diameter 2 1 6 greater than 15 mm, which was similar to our studied control; Gentamicin (Fig. 2) . In soaking method 2 1 7 ethanol extract of Hypnea musciformis showed highest zone of inhibition (14 ± 0.76 mm) against E. coli 2 1 8 and methanol extract of E. intestinalis showed highest zone of inhibition against S. aureus (Fig. 2) . 2 1 9
Acetone extract of H. musciformis show highest zone of inhibition against S. aureus but which is less than 2 2 0 E.intestinalis. 2 2 1 1 0
In case of water bath method, Klebsiella sp. was found more susceptible to ethanol and methanol extracts 2 2 2 of Hypnea musciformis as it showed inhibition zone greater than 15 mm (Fig. 2) . However, in terms of 2 2 3 Enteromorpha intestinalis, inhibition zone was found more than 10nm in maximum antimicrobial tests 2 2 4 against all bacterial strains. Again, H. musciformis exhibited more active zone of inhibition against 2 2 5 different microbes rather than E. intestinalis. 2 2 6 2 2 7 4. Discussion 2 2 8
Phytochemical profiling of the seaweed samples revealed the presence of different phytochemicals in 2 2 9
Hypnea musciformis and Enteromorpha intestinalis. Phenol, tannin and flavonoids were found in greater 2 3 0 amount in both extracts [38, 39] . These phytochemicals could exhibit antimicrobial activity for presence 2 3 1 of the phytochemical constituency. Rojas et al. indicated that the antibacterial activity is due to different 2 3 2 chemical agents present in the extract, including flavonoids and triterpenoids and other compounds of 2 3 3 phenolic nature or free hydroxyl group, classified as active antimicrobial compounds [40] . 2 3 4
Variation in antibacterial activity may be due to the method of extraction, solvent used in extraction and 2 3 5 season at which samples were collected [37] . Several different organic solvents have been used to screen 2 3 6 algae for antibacterial activity [41] . In current study we used alcoholic and aqueous solvents to generate 2 3 7 seaweeds extracts. Ethanol extract of E. intestinalis showed highest zone of inhibition against E. coli. and 2 3 8 methanol extract of E. intestinalis showed highest zone of inhibition against S. aureus. Ethanol extract of 2 3 9
Enteromorpha intestinalis and methanol extracts of Hypnea musciformis were more effective against 2 4 0 selected bacterial strains. Table 2 Quantitative determination of phytochemical constituency 3 8 9 Table 3 Screening of antibacterial activity of seaweed extracts by soaking method 3 9 0 Table 4 Screening of antibacterial activity of seaweed extracts by water bath method 3 9 1
